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1. INTRODUCTION
Developmentplanningis a multicriteriaproblem.Apart fromeconomicgoals
(like economicgrowth,incomedistribution,employment,pricestability,balanceof
payments,etc.) a set of basichumanneeds(like food, health,housing,clothing,
education,etc.)hasto be fulfilledwithin a limitedtimehorizon.Of course,not all
targetsof economicpolicycanreachdesirablelevelswithin aplanperiodgivenscarce
resourcesandtrade-offsbetweengoalsandbasicneeds.Prioritieshaveto be form-
ulatedandgoalsandneedshaveto beweightedagainstanother.Multicriteriaanalysis
can contributeto this weighingprocessby circumscribingfeasibleareasand by
quantifyingabovementionedtrade-offs.
The purposeof this paperis to presentan illustrationof multicriteriaanalysis
in which at leasttwo goalsof economicpolicy (growthandemployment)andone
basichumanneed(education)areincorporated.The model is appliedto Pakistan
dueto dataaccess.
Hitherto, Pakistanhas paid little attentionto the developmentof human
resources.The budgetfor educationis verysmall,theliteracyrateis low compared
to otherdevelopingcountriesandsystematiceducationalandmanpowerplanningis
not involvedin nationalFive-YearPlans.Educationis not sufficientlyvaluedasa
developmentgoalassuchnor asaninstrumentfor growth.
The ManpowerPlanningUnit (MPU) of theMinistryof LabourandManpower
hasmadea first stepto developan educationalandmanpowerplanningmodelin
1981.'This simplemodelestimatesoccupationalandeducationalmanpowerequire-
ments and supply of the Fifth Five-YearPlan period 1978-83. Startingfrom
plannedsectoralproduction targetsthe modelcalculatesmanpowerrequirements
disaggregatedaccordingto occupationalandeducationallevels.Further,on thebasis
*The authorsare Associatedwith the ErasmusUniversity,Rotterdam,The Netherlands.
They aregratefulto Prof. Dr PeterCornelisse,Dr BohuslavHerman,Dr StevenKeunning,Dr
PietTerhalandDr HermineWeijlandfor theirvaluablesuggestionsandcomments.
'PaldstanMinistry of Labour andManpower,A Study of the Occ;upationaland Educa-
tionalManpowerRequirementsand Supplyof theFifth Five YearPlan, 1978-83, Islamabad,
1981.Thefirstauthorwasattachedto theMPU atthattime.
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of plannedenrolmentrates,transitionrates,participationrates,etc.the model
estimatesmanpowersupplybylevelof education.Theconfrontationof manpower
requirementsandsupplybylevelof educationgivesaninsightinimbalances( hort-
agesand/orsurpluses)betweenlevelsof educationrequiredto achieveplantargets
andtheestimatededucationalstructureof thelabourforceduringtheplanperiod.A
seriesof adhoc simulationswiththemodelshowspossibledirectionsforboththe
demandandthesupplysideto smooththeseimbalances.2
Insteadof usingadhocsimulationsa moreformalprocedureforsmoothing
imbalanceshasbeenappliedby rebuildingthemodelfirstintoalinearprogramming
model(updatedto theSixthFive-YearPlanperiod1982-83- 1987-88),3andlater
intoamulticriteriamodelwhichispresentedinthispaper.
Theplanof thepaperis asfollows.Section2 discussesmanpowerplanning
aspectsof themodel.Section3 presentsthestructureof themulticriteriamodel,
whileresultsarediscussedin Section4.
2. THEMANPOWERPLANNINGPARTOF THE MODEL
transportandcommunication,andprivateandpublicservices.
Quantifyingsectorallabour-outputratio's.
Manpowerequirementsby occupation.Sincethe occupationalstructure
variesby sector,a so-calledsector-occupationmatrixis definedby whichtotal
occupationalrequirementscanbe calculatedfor eachsetof sectoralproduction
levels.Sevenoccupationalgroupsaredistinguished,Le.professionalndtechnical
workers,administrativeandmanagerialworkers,clericalworkers,salesworkers,
serviceworkers,agriculturalworkers,andproductionworkers.
Educationalrequirements.Sinceeducationalrequirementsvaryby occupa-
tionalgroup,aso-calledoccupation-educationmatrixis constructedby whichtotal
educationalrequirementscanbecalculatedgivenby a certainsetof occupational
requirements.Fivelevelsof educationhavebeendistinguished,Le.lessthanprimary,
primary,matric,degree,andpost-graduate.
Intermediatedeliveriesbetweensectors.All technicalcoefficientsincluding
input-outputcoefficientsareassumedconstantduringtheplanperiod.
Constraints:Finaldemandpersectormaydeviatebetweenplusandminus20
percentfromofficialsectoralplanfiguresattheendoftheplanperiod.
Sectoralinvestmentsmaydeviatebetweenplusandminus10percentfrom
officialplanfiguresattheendof theplanperiod.
Thesumof sectoralimportrequirementsmaynot exceedtotalplannedim-
portsduringtheplanperiod.
A manpowerplanningmodelconsistsoutof threeparts,a demandpart,a
supplypart,andapartdealingwithimbalancesbetweendemandandsupply.First,
futuredemandforlabourdependsonoverallgrowth,onfuturesectoralcomposition
of theeconomy,onsectorallabour/outputratios,onsectoraloccupationalstructures
andon educationalrequirementsfor eachoccupation.Secondly,futuremanpower
supplyby levelof educationdependson theexistingeducationalstructureof the
labourforce,onbirth,deathandretirementrates,oninflowsandoutflowsof the
educationalsystem,and on variousparticipationrates.Thirdly,imbalancesare
calculatedby comparingdemandandsupplyfor differenteducationallevels.The
presentmodelcontainsmorethan400equationsandconstraints,withthefollowing
contents:
SupplySide
DemandSide
Equations:Quantifyingmarginalsectoralcapital-outputratio's.A certainsetof
sectoralproductiongrowthlevelsrequiresacertainamountof investmentsbysector.
Sevensectorshavebeendistinguished,Le.agricultureandforestry,manufacturing
andmining,electricityandwaterandgas,construction,wholesaleandretailtrade,
Equations:Planfiguresconcerningenrolmentrates,transitionratesfromone
classtothenextclass,andinflowintotheeducationalsystemduringtheplanperiod.
Estimateson labour,forceparticipationratesfor graduatesandotherschool
leaversateacheducationallevel.
Estimatesaboutthe educationalstructureof theexistinglabourforceand
aboutdeathandretirementrates.
Estimatesaboutcostsperstudentbyeducationallevel.
Constraints:Theinflowintotheeducationalsystemmaybe10percenthigher
thanplannedwhich,of course,requiresahighereducationalbudget.
Transitionratesmaybe 10 percenthigherthanplanned ueto qualitative
improvementsof theeducatjonalsystemimplyinghighercostsperstudent.
2 SeeK.W.vanElk, SomeAspectsof theAnalysisof Strategiesfor ManpowerDevelopment:
An Appli£:ationto Pakistan(unpublished octoralthesisErasmusUniversityRotterdam),Islam-
abadandRotterdam,1981.
3 SeeJ. Kuikman,A ManpowerPlanningModelfor Pakistanin theframeworkof theSixth
Five-YearPlan 1982-83- 1987-88(unpublisheddoctoralthesisErasmusUniversityRotterdam,
writtenin Dutch),Rotterdam,1986.
Imbalances
Constraint:Sufficientmanpowermustbeavailablein thecountryateachlevel
of education.
While runningvarioussimulationsof the model it appearedthat no feasible
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solutioncanbe foundwithoutviolatingtheconstraintof requiredmanpowerwith
only basiceducation.Nevertheless,it canbe assumedthatilliterates(a surplus
category)willdothejobwithlowerproductivity.
x ~
b
0
of objectivefunctionsarepresentedin thediagonalof thepay-offmatrix(Table1).
It is clearthatthisidealsituationcanneverbeachievedueto trade-offsbetween
variousobjectivefunctions.
Bysimplyoptimizingoneobjectivefunctiontakingotherobjectivesforgranted,
it is notsurethattheresultingsolutionvector(thevaluesof sevenobjectivefunc-
tions)is Paretooptimal.In caseof multiplesolutionsanothersolutionvectormay
existwherethevalueof at leastoneof thesixnon-optimalobjectivefunctionsis
betterthanthe originalsolutionwith equalvaluesof otherobjectivefunctions.
A Paretooptimum(or in multicriteriaterminology:efficiency)canbeachievedby
addingthesixremainingobjectivefunctionswithaverysmallweightotheobjective
functionthathasto beoptimized.In otherwords,optimizingc.x + ~. e c. xI J J
approximatesthe solutionof optimizingcix if e is sufficientlysmallandguarantees
Paretoefficientsolutions.5 Theseweighingproceduresareusedin constructingthe
pay-offmatrixin Table1.Columni of thepay-offmatrixpresentsthesolutionof
optimizingobjectivefunctioni. Theindividualoptimumof objectivefunctioni is
indicatedin rowi (thediagonal);otherrowspresenttheresultingefficientvaluesof
thesixremainingobjectivefunctions.
Theanti-idealsolutionvectorcontainselementswhosevalueis marginally
3. THE STRUCTURE OF THE MULTICRITERIA MODEL
A multicriterialinearprogrammingmodelcandewrittenas:
optimize
subjecto
:Cx
: Ax =
whereCisa (k *n) -
x isa (n)
A isa (m*n) -
b isa (m)
matrixof objectivefunctioncoefficients;
vector of decisionvariablesincluding slack and surplus
variables:
matrixof technicalcoefficients;and
vectorof constraints.
Thepresentmodelhassevenobjectives(k =7), Le:
1. Maximizegrowthof GDP.
2. Minimizethenumberof illiteratesin thelabourforce.
3 - 7. Minimizemanpowershortagesandsurplusesateachlevelofeducation.
In findinga solutionto themulticriteriaproblemtheso-calledidealandanti-ideal
solutionvectorsplayanimportantrole.Thesevectorsarereferencepointsin the
optimizationprocess.Theideal(optimaof individualobjectivefunctions)andthe
anti-ideal(minimalaspirationlevelsof objectivefunctions),respectivelypullsand
pushestheoptimizingsolutionasa magneticforce.TheultimateParetoefficient
solutionOf the multicriteriaproblemis a feasiblesolutionnearesto the ideal,
takingalsominimumaspirationlevelsof individualobjectivefunctionsintoaccount.
Theidealorutopiasolutionof theproblemisfoundbysuccessivelyoptimizing
individualobjectivefunctionsusingthesimplexprocedure.4In otherwords,seven
L P-problemswithsevendifferentobjectivefunctionsareindividuallysolvedtaking
thevaluesof thesixotherobjectivefunctionsfor granted.Theseindividualoptima
Growth: increaseof GDPduringplanperiod,in billionrupees.
Illiter : numberof illiterateworkersat theendof theplanperiod,in millions.
Unemp(i):numberof unemployedworkerswith educationalevel i at the end of the plan
period,in millions.
'The computerprogrammeLINDO (runningon DEC andVAX mainframesandon IBM-
compatiblePC's)hasbeenusedto solvethesevensingleobjectiveLP-problems.
5 Seea.o.H. Isermann,ProperEfficiencyandthe LinearVectorMaximumProblem,Opera-
tionsResearch,Vol.22,1974.
Table1
Pay-offMatrixof OptimalIndividualObjectiveFunctioflJi
Growth Illiter UnemplUnemp2Unemp3Unemp4Unemp5
Growth 317 271 317 260 287 274 281
miter 22.1 22.1 22.1 22.1 22.1 22.1 22.1
Unemp1 0.51 2.11 0.51 2.35 1.70 2.08 2.02
Unemp2 -0.83 -0.40 -0.85 -0.28 -0.53 -0.42 . -0.5
Unemp3 -0.05 0.15 -0.03 0.21 0.00 0.13 0.09
Unemp4 -0.01 0.02 -0.01 0.03 0.00 0.00 0.00
Unemp5 0.06 0.07 0.07 0.07 0.06 0.08 0.06
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acceptable;valuesworsethantheanti-idealareunacceptable.In principle,policy-
makerscan interactwith plannersandreadjustheirminimumaspirationlevels
dependingonfeasibilityofalternativesolutions.6
By lackof policy-makersin thispaperwemakeourown(ratherarbitrary)
valuejudgementby selectingthe mostpessimisticvaluesof Table1 asminimal
acceptablevalues.Sincethe anti-idealis far fromefficientandthe idealis not
feasible,it is clearthatanyoptimal,feasible,andefficientsolutionmustbesome-
wherebetweentheidealandtheanti-ideal.Of course,anoveralloptimalsolution
dependsonrelativeweightsof thevariousobjectivefunctions.If objectivefunction
i getstotalweightandotherobjectivesgetalmostzeroweight,theoveralloptimum
is equalto columni of thepay-offmatrix.In thatcasethedistancefromelementi
of thisoptimumto elementi of theidealsolutionis zero,whilethedistancefrom
someotherelementso theidealispositive.Thesedistancesareimportantin finding
theoveralloptimalsolution.
Minimizinga distancemeasuregivesa feasibleoptimumnearestto theideal.
Butdistancesfromindividualelementsof anoveralloptimumto theidealmaynot
be the samefor all objectivesimplyingdifferentweightsfor differentobjectives.
Withequalweightsa solutionis consideredoptimalif thelargest(relative)distance
from the variouselementsto the idealis minimized(Tschebycheff-norm).In
formula;
objectivefunctionsanewprogrammingmodelisformulated;7
min : ] + € (z* - ex)
subjectto;
Thesecondtermof thisobjectivefunctionis addedto guaranteeParetoeffi-
ciency.Callingthefirsttermy, thenewLP-problemcanbewrittenasfollows;
min : y + € (z * - Cx)
min: [maxI wjdj I ] Thefeasiblesolutionnearestto theidealis determinedby thelargestrelativedis-
tanceovertheentirefeasibleset.Withouthesecondtermof theobjectivefunction
thesolutionisnotnecessarilyefficient.Thecurrentformulationguaranteesfficiency
implyingthat relativedistancesfromindividualoptimato the idealmaydiffer
(seeTable2 inthenextsection).
whered. isthedistancefromelementi totheideald.=Zj*- c.XI I I
wherez* istheidealsolutionvector;andwherethescalingfactorw. canbealter-
I
nativelybedefinedas: 4. RESULTS
W =
j (z~ - n. r1I I or Wj = (z~r1
Thoughthepresentmodelhasmorethan400equationsandconstraints,the
levelof aggregationis still too highfor concretepolicyrecommendations;only
sevensectors,sevenoccupationalgroupsandfivelevelsof educationaredistingu-
ished.Further,technicalcoefficientsof theA-matrixbasedon dataof theFifth
Five-YearPlanperiod1977-78- 1982-83areappliedto theSixthFive-YearPlan
period1982-83- 1987-88.Accordingly,thesecoefficientareassumedconstant
duringtheplanperiodsothat- likein manylinearprogrammingmodels- econo-
miesof scalecannotbe realized.Besidesandmuchmoreimportant,onlyseven
wheren. istheanti-idealvalueof elementi. Thefirstalternativehastheadvantage
I
thattheanti-idealaffectstheultimatesolution.Policymakersmayreadjustmini-
mumaspirationlevelsafterconsideringan intermediatesolution.Thereafter,the
problemcanberunagain.Thisinteractiveprocedurewill finallyresultinanaccept-
ableoptimalsolution.To fmdtheoveralloptimumwithequalweightsfortheseven
6SeeNijkamp,P. andJ. Spronk,InteractiveMultipleGoalProgramming:An Evaluation
andSomeResults,in G. FandelandT. Gal(eds),MultipleCriteriaDecisionMaking:Methods
andApplications,Springer,Berlin,1980.
7 SeeKok, M andF. A. Lootsma,PailwiseComparisonin a Multi-objectiveEnergyModel,
in: Y.Y. Haimesand V.. Chankong(eds.)DecisionMaking with Multiple Objectives,Springer,
Berlin,1985.
[maxI
z:" - C x
I j
z.* - n.I I
Ax = b
x ;;. 0
subjectto Cjx + (zt - nj ) y ;;. z:"I
Ax = b
x ;;. 0
y ;;. 0
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objectivesareconsideredignoringtargetsof economicpolicylikethelevelofprices,
balanceof paymentsituation,incomedistribution,satisfactionof variousbasic
needslike food,health,housing,clothing,etc. In principle,theseissuescanbe
introducedin themodeleitherin theformofadditionalconstraintsorasadditional
objectives.A moreseriousproblem- asKemalveryrightlyhighlights- is the
ratherpoorqualityof availabledataonmanpowerissues.8
With theseconsiderationsin mindwe presenthe resultsof the(equally
weighted)muIticriteriaproblemin Table2. Asmentionedbefore,thecompromise
solutionvectoris somewherebetweentheinfeasibleidealandtheinefficientanti-
idealsolution.Therelativedistancefromthecompromisesolutionto theidealis
equalfor fourobjectives(growth,unempl,unemp2,andunemp3,i.e.0.47),whereas
forthreeobjectivesthedistancetotheidealiszero(illiter,unemp4andunemp5).
Growth: increaseof GDP duringplanperiod,in billion rupees.
miter: numberof illiterateworkersat theendof theplanperiod,in millions.
Unemp(i): numberof unemployedworkerswith educationalevel i at the endof the plan
period,in millions
The compromisesolutionis betterthanplanfigureswith respectto all objec-
tives.Apparently,higherincreaseof GDP, more educatedpersons,lessunemploy-
ment, and better tuning of manpowerplanningwith productionplanningcan be
achievedwith an evenlower budgetfor investmentsand education.The sum of
8A. R. Kemal,Pakistan'sExperiencein EmploymentandManpowerPlanning,in: Rashid
Amjad(ed.).HumanResourcePlanning;theAsianExperience.ILO (ARTEP), NewDelhi, 1987.
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physicalandhumancapitalinvestmentsduringtheplanperiodis morethanten
billionrupeeslowerinourcompromiseolutionthanintheplandocument.Further,
the allocationof thisbudget- endogenouslydeterminedin themodel- differs
fromplanfiguresin anumberof ways.First,ahigherpercentageof totalbudgetis
spenton educationanda lowerpercentageoncapitalinvestments.Secondly,basic
educationgetsmorepriorityin totaleducationalexpenses.Thirdly,theallocation
of capitalinvestmentsamongsectorsdiffersfromplanfigures(withinthelimits
ofplusandminus10percentbeingincludedinthemodelintheformofconstraints).
Table2 canalsobe usedfor determiningimplicitrelativeweightsof plan
targets.Theplannedgrowthtargetdoesnot differmuchwithour (equalweight)
optimalsolution,but theresultingnumberof illiteratesin thelabourforceis con-
siderablyhigherin theplanthanin thisoptimumandtherequiredmanpowerwith
basiceducationis by far notsufficiento achievetheplannedgrowthtarget.The
implicitplan'target'on thenumberof illiteratesin thelabourforceis evenworse
thanouranti-idealwhichmayindicatethatthiskind of analysiscanbeusefulin
thestageofplanpreparation.
j
Table2
A ComparisonbetweentheIdeal,theAnti-ideal,theOptimalSolution
.AssumingEqualWeightsandPlanFigures
Ideal Anti-ideal Compromise PIan
Growth 317 260 290 289
miter 22.1 22.1 22.1 22.4
Unemp1 0.51 2.35 1.37 1.83
Unemp2 -0.28 -0.85 -0.55 -1.04
Unemp3 0.00 0.21 0.07 0.17
Unemp4 0.00 0.03 0.00 -0.01
UnempS 0.06 0.08 0.06 0.08
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(1)
(2)
(3- 7)
Maximizethegrowth(increase)inGDP.
Minimizethenumberof illiteratesinthelabourforce.
Minimizethe shortagesandsurpluses(in demandfor labour)
levelofeducation.
at each
Commentson
"Growth,EmploymentandEducation:
An Applicationof MulticriteriaAnalysisto Pakistan"
Asis evidentfromthenotesof Tabell (whichprovidestheoptimalvaluesofvarious
objectivefunctions),theobjectivefunctionI is in billionsof rupeesandobjective
functions2 - 7 arein millionsof workers.Hence,it is quiteobviousthatfunction
(A) wouldbetechnicallyincorrectif thesamevalueofc isusedforallthefunctions.
Thisimpliesthatareductionof oneilliterateperson,orofoneunemployedworker,
hasthesameimpactontheobj~ctivefunctionasanincreaseof Rs1000intheGDP.
(3) Onewouldhaveappreciatedsomeexplanationas to why theplantargets
differ(i.e.are'worse')fromtheoptimalvaluesachievedbythemodel.Theresultof
themodelcandivergefromtheplantargetsif themodelusedbytheplannersi not
the appropriatemodelor dueto the differentsetof assumptions(expressedas
constraintsinthismodel)beingusedinthetwomodels.
(4) Thedemandconstraint3 is quitestringent.Onefailstounderstandastowhy
sucha constraintwasnecessarywhena relativelylessstringentconstraintof the
typeland 2couldhavebeeneasilyincorporated.
This paper appearsto be a part of a more comprehensivestudy/research
project,and assuch it fails to providesomeof the detailswhich a readerwould
haveliked to be awareof, andwhich one can assumehavebeenprovidedin the
comprehensiveversion.
The paperadvocatesthe useof a multicriteriamodelin the formulationof
plansin Pakistan.Intuitively,this suggestionhasconsiderablemerit,but the paper
spendsmorethan requiredeffort in explainingthe muIticriteriamodel,the details
of which areavailablein a numberof publishedsources.As not mucheffort is dis-
played on the empiricalaspect,the task of the discussantbecomesextremely
difficult.
(1) Onewould havepreferredto knowthesourcesfromwhichdatawereobtained
and the methodologyusedto calculatethe coefficientsof the matricesusedin the
analysis.Onewould havealsoliked to know the reasonsfor thisparticularaggrega-
tion of employedpersonsin the givensectors,occupationalandeducationalcate-
gories.For example,mining has been aggregatedwith the manufacturingsector,
whereasdataon all variablesrequiredfor computationof the variouscoefficients
areavailableon disaggregatedbasis.
(2) No informationis providedaboutthe weightc. Oneis at a lossto understand
the objectivefunctionusedto arriveatthe 'Pay-off matrixof Table1.Theobjective
functionis givento be:
EshyaMujahidMukhtar
AppliedEconomicsResearchCentre,
Karachi
c.x + ~.c c x., (A)
I ] ]
wherec. x is thevalueof the objectivefunctioni. OnecanclearlyseetheobjectiveI
functionsshouldhavebeenc.x andtheway itswrittenis aminortypographicerror,]
but whetherthe weight(s7)usedfor otherobjectivefunctionsis assumedto be the
samefor all functionsor whetherit varieswith eachfunctionis not explicitlymen-
tionedthoughonegetsthe feelingthat a constant(small)valueis usedfor all func-
tions. Intuitively,one feelsthat weightsshouldvary with the objectivefunctions.
Thesevenobjective(functions)consideredin theanalysisareto:
